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Abstract

Introduction—Food insecurity is reported in approximately 28% of individuals with diabetes in
the US, and is associated with poor glycemic and lipid control. The aim of this study was to
understand the direct and indirect pathways through which food insecurity impacts glycemic
control in individuals with diabetes.

Methods—615 adults with type 2 diabetes completed validated questionnaires after recruitment
from two primary care clinics. Structural equation modeling (SEM) was used to investigate
mechanisms through which food insecurity influences diabetes self-care behaviors and glycemic
control, including investigation into possible direct and indirect effects of perceived stress and
social support.

Results—The final model showed that higher food insecurity was directly significantly related to
increased stress (r= 0.14, p<0.001) and increased HbA1c (r=0.66, p=0.03). Higher stress was
significantly related to poorer self-care (r= -0.54, p<0.001), and lower social support (r= —0.41,
p<0.001). There was no significant direct association between food insecurity and self-care, or
between perceived stress and glycemic control.

Conclusions—Food insecurity had both a direct effect on glycemic control, and an indirect
effect on self-care through stress. The indirect pathway suggests efforts to address stress may
influence the ability of individuals to perform diabetes self-care behaviors. The direct effect on
glycemic control suggests pathways independent of self-care behaviors may also be necessary to
improve diabetes outcomes. Results from this study suggest a multi-pronged approach is necessary
to address food insecurity in individuals with diabetes.
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Introduction

Diabetes affects over 9% of the US population, is the 7th leading cause of death, and is
associated with significant morbidity, mortality, decreased quality of life, and increased
health care utilization and cost. 1 Individuals diagnosed with diabetes have average medical
expenditures that are approximately 2.3 times higher than what expenditures are for those
not diagnosed with diabetes. 1 Additionally, the risk for death among people with diabetes is
about twice that of people without diabetes of similar age.! Despite significant research into
lifestyle interventions focused on improving glycemic control and diabetes outcomes,
national estimates suggest nearly half of those diagnosed with diabetes do not meet targets
for glycemic control, and only 14% meet combined targets for glycemic control, blood
pressure, and lipids.?

Significant evidence supports a relationship between food security, mental and physical
health, and an individual’s ability to manage diabetes. 3 Food insecurity is defined by the
USDA as an inability to or limitation in accessing nutritionally adequate foods, or
dependence on emergency food supplies. 4 The overall age-standardized rate of food
insecurity in the US population increased from 9.1% in 2005 to 18.3% in 2012, and is shown
to be particularly prevalent for those with cardiometabolic diseases. ® For example, food
insecure adults are 2-3 times more likely to have diabetes than those who are food secure,
after adjustment for income, employment, and lifestyle. 36

One hypothesized mechanism to explain the impact of food insecurity on those with diabetes
is the change in dietary intake. 7~10 Overall, reliance on lower quality, energy-dense foods
increases due to the higher cost of healthy alternatives. 311 However, it has also been
hypothesized that food insecurity impacts an individual’s ability to make decisions regarding
self-management of the disease. 812 For example, those with diabetes have noted diabetes
specific diet behaviors such as counting carbohydrates and tracking servings were
unrealistic, and meal planning became difficult with inconsistent income. 13 Self-care
behaviors have been shown to be associated with food insecurity, particularly medication
adherence, general diet, and blood sugar testing 14, but did not mediate the relationship with
worse glycemic control 1°. Food insecurity also has implications on a patient’s emotional
and mental health, with food insecure patients with diabetes reporting lower overall health
status, lower satisfaction with life, and higher prevalence of depression, diabetes distress,
and self-perceived stress. 3 10. 12,16, 17| ow socioeconomic status has also been
hypothesized to make developing and replenishing health promoting resources more
difficult, decreasing the ability to manage stress. 18.19

Little work has been conducted investigating mediators of the relationship between food
insecurity and glycemic control, and no study to our knowledge has investigated the direct
and indirect influences of factors related to diet, psychological stress, and health promoting
resources such as social support. Therefore, this study aimed to understand the direct and
indirect pathways through which food insecurity impacts glycemic control in individuals
with diabetes.
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Sample population

Measures

Data was collected between 2013-2014 as part of a cross-sectional study of adults with type
2 diabetes. 615 adults with type 2 diabetes, recruited from primary care clinics in the
Southeast United States, completed a series of validated questionnaires intended to measure
the impact of social determinants of health on individuals with diabetes. Eligibility to
participate included age 18 or older, diagnosis of type 2 diabetes noted in their medical
record, and the ability to communicate in English. If after interaction with the research
coordinators, patients were determined to be cognitively impaired, they were considered
ineligible. Participants were recruited through two methods: letters of invitation sent to their
home describing the study and inviting them to participate, and direct invitation by a
research coordinator in the clinic waiting room. Prior to consent, all participants were
provided a detailed explanation of the study, and procedures were approved by the local
institutional review board before initiation of enrollment. Following completion of the self-
administered survey, hemoglobin Alc (HbAlc) levels were abstracted from the medical
record.

Food Insecurity—Food insecurity was measured using the US Household Food Security
Survey Module: Six-Item Short Form scale developed by the National Center for Health
Statistics. 420 This sub-set of the original 18 question survey reduces respondent burden and
is used by several national health surveys, as well as the US Department of Agriculture
Economic Research Service as a more parsimonious way to measure food insecurity. 20 The
6-item scale was shown to identify food-insecure households with good specificity and
sensitivity relative to the 18-item scale, particularly for studies focused on adult populations.
20 Questions ask about whether participants did not have enough money to buy more food in
the past 12-months, if they could not afford to eat balanced meals, ever had to cut the size of
their meals because there was not enough money, or if they ever ate less than they felt they
should because there was not enough food. Scoring increases for increased frequency of
these experiences. 20 Raw scores of 0-1 indicate high or marginal food security, raw scores
of 2—4 indicate low food security, and raw scores of 5-6 indicate very low food security. 20

Perceived Stress—The perceived stress scale (PSS) is a brief 4-item scale to assess the
degree to which the respondent finds situations stressful. 21 As this study was focused on
psychosocial influences on food insecurity, the perception of stress, rather than a laboratory
measure of stress, for example, cortisol level, was chosen. Participants are asked about the
frequency of feelings over the last month related to feeling unable to control important
things, lack of confidence in ability to handle problems, and difficulties piling up so high
they were not able to overcome them. 21 Responses range from “0” (never) to “4” (very
often) with higher scores indicating more perceived stress. 21 The Cronbach’s alpha value
for the scale is reported as 0.69, and scores are highly correlated with stress, depression and
anxiety. 22
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Social Support—Three items representing positive social interaction from the Medical
Outcomes Study (MOS) Social Support Survey was used to measure social support. 23 The
three-item positive social interaction portion of the MOS survey measures frequency with
which the respondent has someone to have a good time with, someone to get together for
relaxation, and someone to do something enjoyable with. 23 The Cronbach’s alpha for the
social interaction subscale was 0.94, and it was shown to have good reliability (0.77), had
high correlation with other sub-scales (0.65 to 0.88), and had one-year test-retest reliability
exceeding the 0.50 standard (0.72). 23

Diabetes Self-care—Behavioral skills were assessed with the 12-item Summary of
Diabetes Self-Care Activities (SDSCA) scale, a brief validated self-report questionnaire of
diabetes self-management actions. 24 Questions assess frequency over the past 7 days
respondents followed a healthy diet, ate fruits and limited fat in their diet, exercised,
completed blood glucose testing, and checked their feet. The average inter-item correlations
within scales are high, and correlations with other measures of diet and exercise support the
validity of the SDSCA subscales. 24 Medication adherence was measured with the 8-item
self-report Morisky Medication Adherence Scale (MMAS), with each item measuring a
specific medication-taking behavior. 2° The scale has high reliability (a = 0.83), with higher
scores indicating lower adherence. 25

Glycemic control—HbA1c provides an average glycemic control over the past 3 months,
and is the clinical standard of care to determine diabetes control. The most recent HbAlc
measure within the previous 6 months was abstracted from the medical record.

Demographics—Previously validated questions from the National Health Interview
Survey 26 were asked to collect age, gender, race/ethnicity, marital status, employment
status, education level, household income, health insurance, and duration of diabetes. In
addition, the single item self-rated health question used in the National Health Interview
Survey, was asked to collect health status.

Statistical Analysis

Structural equation modeling (SEM) was used to investigate mechanisms through which
food insecurity influences diabetes self-care behaviors and glycemic control. SEM combines
regression, path analysis and factor analysis, allowing estimation and modeling of closely
related predictors while taking measurement error into account. 2729 Cross-sectional
designs can be analyzed using SEM, however, do not provide evidence of causation. 27
Therefore, the results are interpreted within the context of data collection. By incorporating
multiple independent and dependent variables in the same model, SEM allows simultaneous
testing of direct and indirect effects. 30 After descriptive statistics were completed to ensure
multivariate normal and linearly related variables, confirmatory factor analysis (CFA) was
used to test latent factors for food insecurity, perceived stress, social support, and self-care.
Alpha statistics and loading were used to test the goodness of fit for each factor using
principal component factor analysis. 31

Public Health Nutr. Author manuscript; available in PMC 2018 December 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Walker et al.

Results

Page 5

First, descriptive statistics were run to provide demographic information (Table 1) and
details on the scales used in the analysis (Table 2). Second, pairwise correlations were
completed between measures included in the initial SEM model (Table 3). Finally, SEM was
used to investigate the hypothesized model based on a priori specifications. The
hypothesized model can be seen in Figure 1, with the final model shown in Figure 2. Direct,
indirect, and total effects were assessed in the final model (Table 4). Analyses were
completed using Stata v14 with standardized estimates, and the ‘mImv’ option, which
retains variables rather than using listwise deletion for missing data. Standardized estimates
can be interpreted as the change in standard deviation of the outcome resulting from 1
standard deviation of the predictor, and allows comparison between estimates. The fit of
individual paths was determined by a significance of p < 0.05. The model fit was
investigated using multiple fit statistics, as recommended by best practices for SEM. 32 As
chi? is sensitive to sample size, we used the root square mean error of approximation
(RSMEA), comparative fit index (CFI), and Tucker fit index (TFI). (Hooper) RSMEA values
lower than 0.05, CFI values above 0.9, and TFI values above 0.9 indicate good fit. 33 A
sample size of 615 provided the recommended 20:1 (subject to variable) ratio needed to
maintain 80% power while estimating stable parameters, and minimizing the possibility of
oversaturating the model. 28:32

Sample demographics are reported in Table 1. The mean age of participants was 61.3 years
(standard deviation £10.9), and mean duration of diabetes was 12.3 years (standard deviation
+9.1). The sample consisted of 38.4% women and 64.9% non-Hispanic blacks. 52% of the
sample reported an income below $25,000. 13.3% reported excellent or very good health,
38.2% and 38.7% reported good and fair health, respectively, and 9.8% reported poor health.

Table 2 presents descriptive statistics for the variables of interest including food insecurity,
perceived stress, social support, glycemic control, and self-care behaviors. Table 3 presents
pairwise correlations between the measures included in these variables.

Figure 1 shows the hypothesized relationships tested, and Figure 2 shows the final model.
Table 4 presents the standardized direct, indirect, and total effects for the relationship
between food insecurity, self-care behaviors, and glycemic control from the final model
(chi? (158) =301.97, p<0.001, R2=0.98, RMSEA=0.038, CF1=0.977, TF1=0.972). The final
model showed that higher food insecurity was directly significantly related to increased
stress (r= 0.14, p<0.001) and increased HbAl1c (r= 0.66, p=0.03). Higher perceived stress
was significantly related to poorer self-care (r= —0.54, p<0.001), and lower social support
(r=-0.41, p<0.001). There was no significant direct association between food insecurity and
self-care, or between perceived stress and glycemic control.

Discussion

Using a sample of primary care patients with diabetes, we found that food insecurity has a
direct relationship to glycemic control outside the influence of self-care, and that stress
serves as a pathway through which food insecurity influences self-care behaviors. The
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indirect relationship on self-care suggests efforts to address stress may help improve the
ability of food insecure individuals with diabetes to perform self-care behaviors. The direct
effect on glycemic control suggests pathways independent of self-care behaviors may also
be necessary to improve diabetes outcomes. Therefore, results from this study suggest a
multi-pronged approach is necessary to address food insecurity in individuals with diabetes,
including both support in obtaining healthy food and support in coping with stress that can
impact self-management behaviors.

The findings of this study provide important information regarding mechanisms to explain
the relationship between food insecurity and health outcomes for individuals with diabetes.
A better understanding of the factors that lead to poor outcomes can inform more targeted
support interventions to address individuals with food insecurity. 34 Current intervention
efforts have focused on decreasing the cost of fresh vegetables and improving the diet
quality of food insecure patients. ® While programs like the Supplemental Nutrition
Assistance Program (SNAP) and emergency food banks can be effective at increasing food
availability, some individuals may not be eligible and the food choices available may not be
ideal for those with diabetes. 10 Pathways for interventions aimed at improving health
outcomes may exist beyond improving the nutrition of food available to individuals, but
currently the majority of interventions in food insecure populations have focused on this
pathway. 34 This study suggests that a focus on nutrition alone will not address the needs of
individuals with diabetes, and recommends additional pathways be targeted with future
interventions.

Prior investigation into pathways explaining the relationship between food insecurity and
health outcomes in patients with diabetes is limited. Our findings of stress as a pathway are
supported by the results of Seligman et al., which found that difficulty following a diet and
emotional distress met formal criteria as a mediator of the relationship. 12 Emotional distress
mediated 34% of the relationship between food insecurity and glycemic control; whereas
difficulty following a diet only mediated 20%. 12 Maintaining a healthy diet while dealing
with food insecurity may require considerable more time, planning, and knowledge than
patients have with the resources currently provided. 12 This can include the information and
skills necessary to support good self-care, as well as the social support necessary for long-
term success. After completion of a diabetes self-management intervention, individuals who
were food insecure showed a significant improvement in glycemic control, whereas those
who were food secure did not. & They also showed significant improvement in diabetes self-
efficacy and increased fruit intake, suggesting despite challenges faced obtaining food, the
support of a self-management intervention was particularly important for food insecure
patients. 8 Social support was shown to serve as a buffer against increased prevalence of
depressive symptoms in individuals with food insecurity 3°, a finding that supports our
results of a relationship between social support and perceived stress. Individuals with
diabetes reporting food insecurity noted that lack of funds limited socializing and made it
difficult to eat and drink differently from friends. 13 And while community programs, such
as community kitchens and gardens, food distribution centers, and meal programs, allow
interaction with others, they were not always able to attend. 13
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Limitations

While this study used sophisticated methodology to investigate pathways for the relationship
between food insecurity and glycemic control, there are some limitations. First, the analysis
was based on cross-sectional data, and therefore findings cannot speak to causality. While
SEM is appropriate for non-experimental designs, its interpretation is linked to the method
of data collection.2” Secondly, the sample population was collected from primary care
clinics in the Southeastern United States and may not be representative of all areas within
the United States. Though there is no indication the impact of food insecurity on individuals
with diabetes differs by region, additional studies should be conducted throughout the US. In
addition, this sample was 65% Non-Hispanic Black, 62% male, and had a mean age of 61.
Generally, racial/ethnic minorities, women, and younger individuals report higher food
insecurity. 89 Therefore, additional studies should test if the strength of these relationships is
maintained across populations with different representation of demographic factors. Finally,
while SEM is a powerful technique for investigating mechanisms, it validates models as
hypothesized prior to the analysis and additional variables not included in the model will be
important to explore in the future.

Conclusion

In conclusion, we found that food insecurity influences health outcomes in patients with
diabetes both through a direct influence on glycemic control, and an indirect influence on
self-care through perceived stress. Results suggest future interventions to address food
insecurity in patients with diabetes should consider factors that impede their ability to
perform self-care behaviors, including eating a healthy diet.
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Figure 1.
Hypothesized Model of Influence of Food Insecurity, Perceived Stress, and Social Support

on Self-Care and Glycemic Control
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Figure 2.
Final Model of Influence of Food Insecurity, Perceived Stress, and Social Support on Self-

Care and Glycemic Control

Note: Coefficients are standardized path coefficients.

Overall Model Fit: Chi? (158)=301.97, p<0.001; R?=0.98, RMSEA=0.038, CF1=0.977,
TF1=0.972) *p<0.05, **p<0.01, ***p<0.001
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Table 1

Sample demographics for adults with diabetes included in study (n=615)

meanz standard deviation or %

Age (years) 61.3+10.9
Diabetes Duration (years) 12.3+9.1
Education (years of school) 13.442.8
Employment (hours per week) 12.5+19
Race

White 33.0

Black 64.9

Other 2.1
Gender

Women 38.4

Men 61.6

Marital Status

Never married 11.2
Married 49.7
Separated/Divorced 28.2
Widowed 10.9
Income
<$10,000 20.2
$10,000-$14,999 11.3
$15,000-$19,999 10.1
$20,000-%$24,999 10.4
$25,000-$34,999 14.7
$35,000-$49,999 13.8
$50,000-$74,999 10.1
$75,000 or more 9.4
Insurance
None 9.3
Private 20.2
Medicare 24.7
Medicaid 10.2
VA 23.9
Other 11.7

Health Status

Excellent 1.3
Very Good 12.0
Good 38.2
Fair 38.7
Poor 9.8
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Descriptive Statistics for Variables of Interest included in final model

Table 2

Factors

Mean Values + Standard Deviation

Food Insecurity (FI)
Fl-1
FI-2
FI-3
Fl-4
FI-5
FI-6
Perceived Stress (PSS)
PSS-1
PSS-2
PSS-3
PSS-4
Social Support (MOS)
MOS-16
MOS-17
MOS-18
Glycemic Control (HbAlc)
Self-Care
Medication Adherence
General Diet
Special Diet
Exercise
Blood Sugar Testing

Foot Care

0.4+0.5
0.3+0.5
0.2+0.4
0.1+0.3
0.2+0.4
0.1+0.3

1.2+1.1
1.4+1.3
1.5+1.1
1.3+1.2

4.0£1.2
3.9+13
3.9£1.3
7.9+1.8

5.9+2.0
4.7£2.0
4.0£1.6
2.6+2.2
4.6+£2.5
4.3£25

Note: numbers indicate item in scale (i.e. FI1 — 1 is the first item in the food insecurity scale)
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Table 4

Standardized Direct, Indirect, and Total Effects for Relationship between Food Insecurity, Perceived Stress,
Self-Care Behaviors and Glycemic Control in SEM model

Direct Effects  Indirect Effects Total Effects

Self-Care Behaviors

— Food Insecurity -0.36 - -0.36
— Perceived Stress —0.54%** -0.05 —0.59 %
— Social Support 0.11 0.25** 0.36 7"

Perceived Stress

— Social Support —0.417%* - -0.417"*

Food Insecurity

— Perceived Stress 0.14%** - 0.14™*
— Social Support -0.02 —0.067** —0.0777"

Glycemic Control

— Self-Care -0.13 - -0.13
— Food Insecurity 0.66% 0.05 071%
— Perceived Stress 0.21 017% 0.38 %"
— Social Support 0.08 —0.18 " -0.10
*
p<0.05,
Ak
p<0.01,
Ak
p<0.001

Note: Structural Equation Modeling (SEM) was used to investigate direct and indirect effect. Significant direct effects indicate direct association
between variables. For example, increased food insecurity is associated with poorer glycemic control (i.e., higher glycosylated HbA1c). Significant
indirect effects indicate pathways through which variables influence outcomes. For example, increased food insecurity is associated with social
support through perceived stress.
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